Introduction
On January 14, 2014, SN 2014J flared into view in M82 (Zheng et al. 2014) , to be discovered on January 21/22 (Fossey et al. 2014) , perhaps the closest SN Ia since SN 1885 in M31, 1 and the closest SN of any type observed since SN 1987A. SN 2014J is also special for its appearance in the highly active starburst galaxy M82 (0.9 kpc from its center), but being a SN Ia this supernova will sample a region of space in M82 that is not pre-determind to include a star-formation region, as in the case of a core-collapse SN.
Several studies list the extinction to SN 2014J variously as A V = 1.85 ± 0.11 (Amanullah et al. 2014) , ∼2−3 (Brown et al. 2014) , and 3.14±0.11 (Foley et al. 2014) , which average to A V = 2.6 mag when computed linearly in flux, translating to A B ≈ 4 in the other band we consider primarily here (see Goobar et al. (2014) , Foley et al. (2014) ).
Observations
These observations result from a HST /WFC3 program (#13626: Crotts, PI) to observe properties of the light echoes and progenitor environment around SN 2014J. They consisted of four series of short exposures, primarily in single-orbit visits, with the idea of finding increasing deeper imaging structure as the SN fades. In the latest of these four epochs the SN was sufficiently faint to reveal the echo signals discussed here without being swamped by the SN itself. All four visits will be useful for further investigations to be discussed in later work. The primary observations used in this paper are a total of 576s exposure in the F438W filter, 560s exposure in the F555W filter, and 512s in F814W. These 1 SN 2014J in M82 = NGC 3034 is at a distance of 3.5 ± 0.3 Mpc, while SN 1885 in M31 was 0.8 Mpc away. SN 1937C in IC 4182 was 4.0 ± 0.5 Mpc away, SN 1986G in Cen A was 3.9 ± 1.0 Mpc distant, while SNe 1895B and 1972E in NGC 5253 were at 3.9 ± 0.7 Mpc.
-4 -data were taken on 2014 September 5.9 (= JD 2456906.4 = MJD 56905.9 = 234.2 days after the estimate appearance of SN 2014J on 2014 Jan 14.75 = MJD 56671.75 and 213 days after maximum in V). The point-spread function for each of these two bands is derived from an 8s exposure in F814W and 40s in F438W on 56727.8 (day 56.0), and an 128s exposure in F555W on 56781.1 (day 109.6). As a point of reference, our photometry of SN 2014J on day 234.2 in F438W, F555W and F814W (STMAG = 16.70, 16.62 and 16.83, respectively) transforms roughly to (B, V, I) values of 16.9, 16.7, and 16.8, with B more uncertain.
Analysis
A light echo at a same distance in the SN foreground will appear as a ring or arc of light of a constant radius of curvature. That ring or arc will appear centered on the SN, unless the sheet of reflecting material is tilted versus the sightline from the observer to the SN, in which case it will appear as a ring/arc off-center from the SN. Any echo, therefore, is composed of a composite of rings or arcs, even in the case of the SN imbedded in reflecting nebulosity, in which case these rings/arcs can extend to zero angular radius, in an extended fuzz of illumination. Because of these characteristics, echoes have a strong tendency to appear as arcs/rings centered on the SN, unless they are at small angular radii.
A small angular radius in this case is on the scale of ct at the distance of M82, where c is the speed of light and t is the time since the light pulse maximum (213d for these observations). At the distance of M82, this corresponds to 0.023 arcsec diameter, 58% the width of a WFC3/UVIS pixel, which is unresolved, and inaccessible for faint surface brightnesses, due to the bright point source of the SN.
The foreground distance z of echoing material is approximated by the expression z = r 2 /2ct − ct/2, where r is the physical distance transverse to the Earth-SN sightline, to -5 -the echo's position. This equation for a paraboloid is an accurate approximation for the ellipsoid with one focus at Earth and one focus at the SN, with a major axis longer than the Earth-SN distance by ct. One notable characteristic of echoes is that for z > 0, and for a sheet of material even roughly perpendicular to the Earth-SN sightline, the apparent transverse motion of the echo is almost always faster than lightspeed, hence a reliable signature for the presence of an echo.
For an echo of high surface brightness, we might be able to detect it over the bright, • and every 10 degrees in PA over −60
• . The position of the echo is taken is taken by the centroid of the echo peak seen it these cross cuts. No such peak is seen over 60 • < PA < 95
• and 240
• < PA< 300
• . There is a hint of an echo at smaller radius r ≈ 0.3 arcsec, PA≈ 290
• . We refer to this signal as a possible echo, while the ring at r ≈ 11 pc is highly probable. Indeed one can find echoes similar in appearance around other SNe e.g., the echo from the 8 pc diameter contact discontinuity around SN 1987A Bond et al. (1990 , Crotts et al. (1991) . Any other plausible explanation would require apparent motion of about 50 times the speed of light. Since the only other such known such superluminal apparent motion mechanism involves nearly lightspeed jets point nearly towards Earth, which in this case would imply such a near-lightspeed cone of light aligned within a few arcsec of the Earth-SN direction, an alignment with an a priori probability of approximately 10 −14 . kpc out on the major axis, most of the gas and dust there appears within 1 kpc of the axis (ignoring that M82 might be edge-on). The observation that SN 2014J is at least 300 pc behind major structure (probably coincident with prominent luminous nebulosity seen in color of the echo itself is 0.75, about 0.4 mag bluer, hence with a wavelength dependence in scattering efficiency of Q scat ≈ λ −1.5 . This is similar to the echo photometry from SN 1987A, in which the echoes show B − V = 1.1 to 1.2 (e.g., (Suntzeff et al. 1988) ), whereas the maximum light colors of SN 1987A were 1.6 (Hamuy et al. (1988) , Menzies et al. (1987) , Catchpole et al. (1988) ), also 0.4 mag redder than its echoes.
Discussion
The value of Q scat and other issues depends on the assumption that the extinction and scattering along the direct sightline from SN to Earth is identical to the reflected path from SN to echoing material to Earth, a deviation of only 2
• . However, the environment around the SN is complex, and the SN resides in a dark lane (in projection) while the echoing material does not. Perhaps with upcoming echo data, this assumption can be tested. is not, this will be an extraordinately interesting result.
The brightest nebulosity to the immediate East of the SN extends over radii of 5 pc to 15 pc from the SN, which the echo at z ≈ 300 pc will traverse by about March 2015, at which point it will enter another dark lane. Similarly, echoes at this z distance will enter other dark lanes over the next few years. There will be several opportunities to study these dark lanes before the close of this decade.
While SN 2014J is famously in the same field as ultra-luminous X-ray source M82
ULX-1, it is still to far for the echoes to span this distance in many human lifetimes.
Eventually these echoes may impnge on the environments of M82 planetary nebula M82 121 and X-ray point source CXO J095544.57+694028.1, which are still decades if not centuries -9 -away in echo travel.
Conclusions
At least one and prehaps two light echo signals are detected from SN 2014J corresponding material about 300 pc and perhaps 80 pc in the SN foreground, and the former is well-correlated in spatial extent with structures seen in two-dimensional projection.
Initial three-dimensional maps of the former structure seems consistent with two inclined is foreshortened by a factor of four. The echo ring at about 11 pc radius is portrayed as the gray forms above and below the sightline (N is up, E out of the page). The density of the grayscale for these forms indicates the brightness of the echo, with features behind the paraboloid also suppressed in grayscale. Note the primary echo complex at a distance z of about 300 pc in front of the SN, which has the rough shape of two inclined surfaces, at large distance from the SN due north and south, and smaller distance east and west, consistent with the oval shape of the echo ring. The candiate echo at smaller radii maps to about z = 80 pc. 
